Splinting of the mobile teeth is a critical part of periodontal management to improve the prognosis and longevity of stable results of periodontally compromised teeth with increased mobility. Different types of splints are used in the dental field based on their mechanical and physical properties.The objective of the current in vitro study was to evaluate the flexure strength and flexural modulus of different types of splinting materials, such as: composite block, ligature wire, Ribbond ® , InFibra ® , and F-splint-Aid ® bonded utilizing Flowable composites resin material. Seventy-five bar specimens were prepared with the dimensions of 25 × 4 × 2 mm, utilizing split metallic mold. Specimens were divided equally (n = 15) into five groups (one control group, four test groups). Different layers of splinting material were placed in between the layers of composite before curing. All the specimens were subjected to a three-point bending test by using a universal testing machine to calculate the flexural strength and flexural modulus. The entire data was subjected to statistical tests to evaluate the significance. Specimens from composite block groups showed the least mean value for flexural strength (89.15 ± 9.70 MPa) and flexural modulus (4.310 ± 0.912 GPa). Whereas, the highest mean value for flexural strength (168.04 ± 45.95 MPa) and flexural modulus (5.861 ± 0.501 GPa) were recorded by Ribbond ® specimens. Inter group comparison of flexural strength showed statistically significant differences (P-value < 0.05), whereas comparison of flexural modulus showed non-significant difference among the groups (P-value > 0.05). Within the limitation of the present study, it was concluded that the Ribbond ® exhibits maximum flexural strength and flexural modulus, whereas the composite blocks recorded the least values. Still, the decision making depends on the clinical scenario and the unique characteristic of each splint material.
Introduction
Patient satisfaction and improvement of oral health is considered as a major part of patient well-being during rehabilitation [1] . Tooth mobility is one of the most frequently encountered problems in the population which experience periodontal and periapical disease. Splinting has been advocated after repositioning of tooth/teeth to stabilize the tooth/teeth and to optimize healing
Materials and Methods
The study protocol was prepared and presented to the institutional ethical review committee before obtaining ethical clearance. Detailed descriptions of the materials used in the experiment are given in Table 1 . Seventy-five bar specimens were prepared with the dimensions of 25 × 4 × 2 mm according to ISO specification 4049/2009. Test methods were followed according to the (American Society for Testing and Materials) ASTM D790 standards. Split metallic mold was used to prepare the uniform dimension of the specimen (Figure 1 ). Flowable composite resin was placed into the mold with an incremental pattern. According to the experimental groups, a different layer of splinting material was placed between the layers of composite. The specimens were polymerized by Bluephase™ unit (Ivoclar Vivadent, Schaan, Liechtenstein) equipment with 10 mm light probe, using light intensity of 1200 mW/cm 2 with halogen like broadband spectrum ranging from 385-515 nm for 20 s. Seventy-five bar specimens were prepared with the dimensions of 25 × 4 × 2 mm according to ISO specification 4049/2009. Test methods were followed according to the (American Society for Testing and Materials)ASTM D790 standards. Split metallic mold was used to prepare the uniform dimension of the specimen (Figure 1 ). Flowable composite resin was placed into the mold with an incremental pattern. According to the experimental groups, a different layer of splinting material was placed between the layers of composite. The specimens were polymerized by Bluephase™ unit (Ivoclar Vivadent, Schaan, Liechtenstein) equipment with 10 mm light probe, using light intensity of 1200 mW/cm 2 with halogen like broadband spectrum ranging from 385-515 nm for 20 s. The specimens were stored at 37 • C in distilled water for 24 h before being subjecting to the experimental testing. All the specimens were subjected to three-point bending test by using a Universal testing machine which was attached to a software programmed computer (ACME Engineers, India. Model No. UNITEST-10, Accuracy of the machine: ±1%) ( Figure 2 ). Group 5 (test): composite with Ribbond ® The specimens were stored at 37 °C in distilled water for 24 h before being subjecting to the experimental testing. All the specimens were subjected to three-point bending test by using a Universal testing machine which was attached to a software programmed computer (ACME Engineers, India. Model No. UNITEST-10, Accuracy of the machine: ±1%) ( Figure 2 ). During the experimental period, the crosshead speed was adjusted to 1 mm/minute and the distance between support was 20 mm. The maximum load applied during the testing was reported in Newtons (N), whereas flexural strength and flexural modulus was recorded in megapascal (MPa) and gigapascal (GPa), respectively, for each group (Figure 3 ). Mean and standard deviations were calculated for each variable of all the groups. Flexural modulus was calculated by the software using the following formula [17] ; During the experimental period, the crosshead speed was adjusted to 1 mm/minute and the distance between support was 20 mm. The maximum load applied during the testing was reported in Newtons (N), whereas flexural strength and flexural modulus was recorded in megapascal (MPa) and gigapascal (GPa), respectively, for each group (Figure 3 ). Mean and standard deviations were calculated for each variable of all the groups. Flexural modulus was calculated by the software using the following formula [17] ; Group 5 (test): composite with Ribbond ® The specimens were stored at 37 °C in distilled water for 24 h before being subjecting to the experimental testing. All the specimens were subjected to three-point bending test by using a Universal testing machine which was attached to a software programmed computer (ACME Engineers, India. Model No. UNITEST-10, Accuracy of the machine: ±1%) ( Figure 2 ). During the experimental period, the crosshead speed was adjusted to 1 mm/minute and the distance between support was 20 mm. The maximum load applied during the testing was reported in Newtons (N), whereas flexural strength and flexural modulus was recorded in megapascal (MPa) and gigapascal (GPa), respectively, for each group (Figure 3 ). Mean and standard deviations were calculated for each variable of all the groups. Flexural modulus was calculated by the software using the following formula [17] ; The statistical significance of inter-group difference in the distribution of mean flexural strength and modulus was tested using one-way analysis of variance (ANOVA) with post-Hoc Bonferroni's test for multiple group comparisons. The underlying normality assumption was tested before subjecting Appl. Sci. 2019, 9, 4197 5 of 10 the study variables to ANOVA. The entire data was entered in MS Excel software before statistical analysis. In the entire study, the p-values less than 0.05 were considered to be statistically significant. The entire data was statistically analyzed using statistical package for social sciences (SPSS version 21.0, IBM Corporation, NY; USA).
Results
The specimens were subjected to load application until fracture failure. Table 2 showed mean (±SD) value of maximum load (N) application, flexural strength (MPa), and flexural modulus (GPa). 
The statistical significance of inter-group difference in the distribution of mean flexural strength and modulus was tested using one-way analysis of variance (ANOVA) with post-Hoc Bonferroni's test for multiple group comparisons. The underlying normality assumption was tested before subjecting the study variables to ANOVA. The entire data was entered in MS Excel software before statistical analysis. In the entire study, the p-values less than 0.05 were considered to be statistically significant. The entire data was statistically analyzed using statistical package for social sciences (SPSS version 21.0, IBM Corporation, NY; USA).
The specimens were subjected to load application until fracture failure. Table 2 showed mean (± SD) value of maximum load (N) application, flexural strength (MPa), and flexural modulus (GPa). Figures 4 and 5 represent inter-group distribution of flexural strength and flexural modulus respectively by using a Box-Whisker Plot. Specimens from Group 1 showed the least mean values for flexural strength (89.15 ± 9.70 MPa) and flexural modulus (4.310 ± 0.912 GPa). Whereas, highest mean values for flexural strength (168.04 ± 45.95 MPa) and flexural modulus (5.861 ± 0.501 GPa) were recorded by group 5 specimens. Table 3 shows the inter-group statistical comparison of mean flexural strength. The distribution of mean flexural strength is significantly lower in Group 1 compared to Groups 2 and 5 (P-value < 0.01 for both). The distribution of mean flexural strength on Group 2 is significantly higher when compared to Group 4 (P-value < 0.01). The distribution of mean flexural strength is significantly lower in Group 2 as compared to Group 5 (P-value < 0.05). The distribution of mean flexural strength is significantly higher in Group 5 as compared to Groups 3 and 4 (P-value < 0.001 for both). Table 4 shows the inter-group statistical comparison of mean flexural modulus. The distribution of mean flexural modulus did not differ significantly across five study groups (P-value > 0.05 for all). Table 3 shows the inter-group statistical comparison of mean flexural strength. The distribution of mean flexural strength is significantly lower in Group 1 compared to Groups 2 and 5 (P-value < 0.01 for both). The distribution of mean flexural strength on Group 2 is significantly higher when compared to Group 4 (P-value < 0.01). The distribution of mean flexural strength is significantly lower in Group 2 as compared to Group 5 (P-value < 0.05). The distribution of mean flexural strength is significantly higher in Group 5 as compared to Groups 3 and 4 (P-value < 0.001 for both). Table 4 shows the inter-group statistical comparison of mean flexural modulus. The distribution of mean flexural modulus did not differ significantly across five study groups (P-value > 0.05 for all). 
Discussion
In the past, different approaches for evaluating splint rigidity have been used [18] . One of the advantages of in vivo investigations with patients is the presence of a natural PDL. However, the disadvantages of assessing splint rigidity in healthy individuals include the lack of increased tooth mobility, the risk of damaging sound enamel during splint removal, and the limited availability of test persons [2] . Therefore, in vitro studies using various types of models have also been conducted. The advantage of artificial models is that they are available anytime, the moderate inter-model variability compared to the patient, and the potential for intentional adjustment of tooth mobility. Besides, there is no risk of damaging sound enamel, as can happen in healthy individuals [13, 19] . The core objective of the present in vitro study was to assess the flexural strength and flexural modulus of different splint systems used for periodontal splinting. Flexural strength and flexural modulus are vital mechanical properties which were employed in earlier experiments to evaluate and compare the physical properties of the restoration and restorative materials [20, 21] .
Reports from literature revealed that, in the past, mesh grids, wires and pins were frequently used with the adhesive systems for stabilization and splinting of teeth [22] . These splint materials stay in position just by mechanical locking around the restorative material that could lead to generation of shear planes and stress concentration and ultimately fracture of the composite with premature failure of the splint system. Newer and advanced splint systems, like bondable, polyethylene woven ribbons, have succeeded in overcoming the problems associated with older splint systems. Flexible splints such as the fiber-composite splint and polyethylene fiber used in the present study fulfill these requirements. For evaluating splint rigidity, objective tooth mobility assessment is required. The three-point bending test is a well-established tool used to evaluate flexural strength and flexural modulus in dental traumatology [18, 23] .
Ribbond ® is a leno weave, ultra-high-molecular-weight polyethylene fiber with an ultra-high elastic modulus. The specially designed fiber network permits wetting of the fibers and the infusion of the resin into the fiber network [24] . An in vitro study conducted by Yapp and Powers showed that flexural strength and flexural modulus of Ribbond ® was 153 MPa and 4.0 GPa, while in the current study it was 168.04 ± 45.95 and 5.861 ± 0.501 GPa, respectively [25] . In our study, the mean maximum load applied to Ribbond ® splint group was 143.06 ± 30.73N. Whereas, contradictory results were reported by Kemaloglu et al. that showed mean fracture resistance of 919.86 ± 47.67 N [26] . While the present study showed that F-splint-Aid has 131.95 ± 16.48 MPa of flexural strength and 5.366 ± 1.042 GPa of flexural modulus, respectively, which is significant less when compared with the study performed by Yapp and Powers [25] . Composite and wire splints are one of the most commonly used splints in dental field and are flexible enough when the wire diameter is not more than 0.3-0.4 mm [27] . In the current research, it was observed that flexural strength and flexural modulus recorded by the wire composite splint are 122.95 ± 8.72 MPa and 4.629 ± 0.962 GPa, respectively. Sekhar et al., in a clinical study, compared the efficacy of Ribbond ® ribbon with stainless steel wire [28] . We concluded that Ribbond ® was an excellent material for splinting mobile teeth relating to patient comfort, durability, resistance to fracture, biocompatibility, and esthetic acceptability.
The result of the present study showed that the Ribbond ® was found to have the highest flexural strength, followed by F-splint-Aid ® , ligature wire, InFibra ® , and composite block having the least flexural strength. The research carried out by Yapp and Powers in 2011 , Gaspar Junior et al. in 2009 , and Juloski et al. in 2012 showed that polyethylene fibers are more flexible than glass fibers and stainless steel wire, which is in agreement with the findings in the present study [25, 29, 30] . The higher flexibility of polyethylene as compared to the glass fiber and composite could be credited to its patented lock stitch pattern that avoids transfer of stress back into the reinforcement resin and distributes them into the weave [31] . Whereas, less flexibility of glass fiber reinforced composite may be because of resin pre-impregnation of the fibers [32] . While comparing flexural modulus, the highest was reported by Ribbond ® , with composite with ligature wire having the least value.
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The results of a study conducted by Dave Foek et al. in 2013 are in accordance with the results of the current study, which showed that the fiber reinforced ribbon was established to have the maximum flexural strength and flexural modulus, followed by fiber glass and polyethylene fiber [33] . Tina Puthen et al. in 2015 found that the wire-composite group demonstrated significantly lower bond strength compared to fiber glass group, which is similar to the results obtained in the present study [34] .
There is some controversy that exists among the researchers on the employment of hand-impregnated versus pre-impregnated fibers in the restorative procedure. In the present study, hand-impregnated polyethylene fiber demonstrated higher flexural strength and flexural modulus as compared to hand-impregnated. The results are in agreement with the results reported by Ellakwa et al. and Gaspar Junior et al., as they found in their studies that hand-impregnated fibers exhibited higher flexural strength values [21, 25] . Contrasting results were reported by Goldberg and Burstone in 1998, as they concluded that pre-impregnated fibers exhibit superior flexural strength because of their higher fiber units, attained during manufacturing procedure [35] . Intergroup comparison of mean flexural strength revealed that most of the groups having a statistically significant difference in flexural strength, except between a few groups such as composite block and composite with ligature wire, composite block and InFibra ® , composite with ligature wire and InFibra ® , composite with ligature wire, and F-splint-Aid ® .
The empirical results reported herein should be considered in the light of some limitations. In the present experiment, the flexural strength and flexural modulus were examined under in vitro conditions, the applied load did not imitate the dynamic loading situation in the oral cavity. For long duration in the oral cavity, strain allocation may be exaggerated by viscoelastic and biological bone reactions. Consequently, the results of this study should be measured as an estimation of the early condition after a splint has been positioned [36] . Also, while performing a three-point bend test, stress was applied in one direction, therefore it fails to mimics the actual occlusal condition in many clinically possible loading conditions [30] . Further studies are required with protocol simulating experimental conditions more closely to the oral environment. Tayab et al. claim that in the dental field, both glass fiber and polyethylene-fiber have incredible potential for reinforcement, but decision making depends on the clinician's understanding of the clinical condition and unique characteristics of each fiber type [37] .
Conclusions
Current protocols and guidelines have stressed the importance of using flexible splints for the stabilization of traumatized teeth. The result of the present study suggests that the Ribbond ® was found to have the highest flexural strength, followed by F-splint-Aid ® , ligature wire with composite, InFibra ® , and composite block showed the least flexural strength. While comparing flexural modulus, the highest was reported by Ribbond ® and the composite blocks revealed the least value.
The results of this study provide clinicians with critical information regarding physical characteristics of the different splints on tooth mobility, thus allowing them to choose the most appropriate splint that will allow physiological movement during stabilization and regeneration of the traumatized periodontium. Within the limitations of this in vitro investigation, authors have recommended Ribbond ® as the best material to be implemented in periodontal splinting.
